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Abstract 
This paper presents the design and construction of a comprehensive digital security system 
with the aim of providing a 24 hour digital watchdog for institutions such as banks, schools, 
the church, residential homes or anything that requires monitoring. The infra-red and digital 
technologies were used in the realization of this objective. The infra-red (I.R.) signal is 
transmitted by an I.R diode which is intercepted and decoded by the receiver circuitry. 
Obstructing the line of sight (within 8 meters) produced a digital display of the zone 
trespassed. This also triggers an alarm, both of which are designed to have duration of 30 
seconds. The transmitters and sensors should be raised at least 1 meter above the ground to 
ensure that only humans trigger the alarm. 
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INTRODUCTION 
In today’s world, the term digital has 
become part of our everyday vocabulary 
because of the dramatic way that digital 
circuits and technology have become so 
widely used in almost all areas of life; 
computers, automation, robots, security 
and on and on. Our emphasis is on security 
[1]
. 
A digital system is a combination of 
devices designed to manipulate logical 
information or physical quantities that are 
represented in digital form; that is, the 
quantities that can take only discrete value 
[2−4]. 
 
The digital security system here consist of 
an infrared transmitter transmitting at 
36KHz from a 555 timer integrated circuit 
(I.C.) operating in the astable mode, a 
receiver section designed to the receive the 
36KHz signal using an infrared sensor, and 
an alarm section. A decoder unit was used 
to decode the received signal to a form 
suitable for the segment display. Owing to 
the high crime rate of my country, Nigeria, 
this project became necessary and is useful 
to people and institutions prone to attacks 
from riot, armed robbery and militant 
attack. In any case, the digital watch dog is 
reliable ensuring twenty four hour 
security. 
 
With this arrangement, once the infrared 
line of sight is obstructed by an intruder, a 
wide animal or a burglar bent on theft or 
physical harm, the output signal from the 
receiver unit triggers an alarm and also 
produces a digital display of the zone 
trespassed. The objectives of the design 
are to alert the user of an intruder and to 
provide a digital display of the zone 
trespassed.
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The block diagram is shown below. 
 
Figure 1: Block diagram of one sensing zone. 
 
MATERIALS AND METHODS 
Transmitter Design 
The transmitter circuit is built around the 
NE555 timer which is wired as an astable 
multivibrator producing a frequency of 
36KHz. Resistors 20KC and 10KC with 
the 0.001Df capacitor was used to achieve 
this frequency. The output bursts of the 
timer is then amplified and used to drive 
the four infrared leds connected in series 
with a current of 90mA flowing through 
them. The beam is rectangular with a duty 
cycle of 75%. 
 
 
Figure 2: Transmitter circuit. 
 
Using the formula             
    
 
              
                            (1) 
Let C = 0.001F and R1 = 20k 
F = 36kHz 
From equation (1), 
        
 
                       
 
            
  
        
  
        
The current flowing through the I.R leds 
can be gotten from the formula:  
Vcc = IcRc + Vce + Vleds                           (2) 
Vce = 6v 
The forward voltage drop of an I.R led = 
1.1v, while it is 0.7v for a normal led. 
Vleds = (3x1.1) + 0.7 = 4v 
Rc = 22 
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Duty cycle = 
     
      
                                (3) 
Duty cycle = 75% 
 
RECIEVER DESIGN 
Sensor and Timing Unit 
The receiver circuit intercepts the 
transmitted infra-red (I.R.) beam through 
the TSOP 1736 sensor. As long as the I.R. 
beam falls on the sensor, its output is low 
which is switched high by the switching 
transistor BC548. When the I.R. beam is 
interrupted, the output of the sensor goes 
high which is then forced low by the 
transistor. The output of the BC548 
transistor is used to trigger an NE555 timer 
wired as a monostable multivibrator with a 
timing period of 30 seconds whose output 
is further connected to the decoder unit 
through the 10KC interface. 
 
 
Figure 3: A switching transistor. 
 
In the absence of I.R beam, Vin = 1v 
Vin = IbRb+Vbe                                         (4) 
Let Rb = 100 
From equation (4),    
           
  
 
      
   
       
 
Ib = 3.5 X10
-3
A 
For switching, the minimum base current 
required is given as: 
   
       
   
                                               (5) 
However,    
       
   
                               (6) 
                
         
              
                                     
                  
Let             
    
Vcc = 1cRc + Vce                                                                       (7) 
The on-state collector current is 
        
           
  
                                  (8) 
Vce(sat) = 0.2v 
   
     
      
  
Rc = 1.2 X 10
3 
Rc = 1.2k 
 
 
Figure 4: A monostable multivibrator. 
 
Using the formula, T = 1.1RC                 (9) 
T = 30 seconds, let C = 47F 
From equation (9),   
  
           
 
R = 580k 
R = 560k (standard value). 
 
Decoding Unit 
This was achieved using the 4511 I.C 
(seven segment latch, decoder and driver) 
 
Display Unit 
The common cathode seven segment 
display was used here 
 
Alarm Unit 
This section consists of the CD4002 
integrated circuit, BC548 switching 
transistor and a buzzer. 
 
Zoning 
The zones were implemented with the 
infrared technology. Zone 1 is monitored 
separately and independent of the other 
zones. In essence, two display and decoder 
units are used. 
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CONSTRUCTION AND ASSEMBLY 
The components required for the design 
were bought and tested. Then the entire 
circuitry was built on a bread board and 
tested to ensure its functionality. The 
surface of the vero board was cleaned with 
an abrasive to remove dust particles and 
oxide for efficient and smooth soldering 
and the components were then transferred 
one after the other to the vero board and 
soldered in stages to avoid complexities. 
The I.R leds are placed in a parabolic 
casing to produce a highly directional 
beam. 
 
Figure 5: I.R. leds in a parabolic casing. 
 
Figure 6: Proposed sensing zones. 
 
RESULTS AND DISCUSSION 
When zone 1 is interrupted, the display 
shows only 1. Zones 2, 3 and 4 were 
monitored together using a single display 
different from zone 1.When zones 2, 3, 4 
are interrupted, the display shows 2,3,4 
respectively. If all the three zones apart 
from zone 1 are disturbed, the display will 
show the sum of the respective zone 
numbers. For example, if zone 2 and 4 is 
interrupted, the display will show 6 (2+4). 
If all the four zones are intact, both 
displays will show “0” and all the four 
inputs of the NOR gate remain low to give 
a high output. This output is inverted and 
keeps the switching transistor BC548 in 
cut off position and the piezo buzzer does 
not sound. When any loop is broken, the 
output of the NOR goes low while the 
output of the inverter goes high. The 
transistor conducts and the buzzer sound to 
alert the user. 
 
PERFORMANCE EVALUATION 
The receiver unit was first built and tested 
with a remote control and it functioned 
perfectly for a range of over 10meters.The 
transmitter was then built and aligned in a 
straight line with the receiver within a 
distance of 5meters and both circuits 
worked effectively. The range was 
increased until an optimal distance of 
8meters was achieved. 
 Table1: Display modes. 
Zones Interrupted Display 1 Display 2 
 (Main Entrance)  
1 1 0 
2 0 2 
3 0 3 
4 0 4 
1, 2 1 2 
2, 3 0 5 
2,3,4 0 9 
1,2,3 1 5 
1,2,3,4 1 9 
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Figure 7: Receiver circuit diagram. 
 
CONCLUSION AND 
RECOMMENDATIONS 
The objective of the entire design was to 
design and construct a comprehensive 
digital security system. This was 
successful. This design is digital and has 
replaced the old analogue system of 
security with all its disadvantages. The 
recommendations are:  
 A more advanced technology such as 
optical fiber can be used. 
 For commercial use, the transmitters 
and receivers should be mounted 
internally in the pillars for disguise and 
aligned in a straight line. 
 The transmitter and receiver should be 
raised about 1 meter above the ground 
to ensure that only humans trigger the 
alarm. 
 Video cameras can be incorporated 
into the design to make it 
sophisticated. 
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